| INTRODUC TI ON
Haemophilia B is an X-linked recessive congenital bleeding disorder caused by a deficiency of factor IX (FIX). 1 For patients with haemophilia B, prophylaxis with FIX replacement therapy can reduce bleeding frequency, prevent haemophilic arthropathy and improve quality of life (QoL). [2] [3] [4] However, despite prophylaxis, joint bleeds and damage can still occur [5] [6] [7] and prophylaxis regimens can be challenging; 8, 9 for example, standard FIX products can have half-lives of 18-23 hours, 10 thus requiring frequent injections and good adherence for treatment success.
High mean trough factor VIII activity levels of >15% (0.15 IU/ mL) during regular prophylaxis may offer effective protection from bleeds, 11 and the same may be true for FIX activity. New products with an extended half-life (EHL) can change the paradigm of care; their modified pharmacokinetic (PK) profiles offer the potential to maintain higher factor activity levels over a prolonged period, lowering treatment burden compared with standard-half-life products. 1, [12] [13] [14] The reduced dosing frequency of EHL prophylaxis products can lower total factor consumption, 15, 16 with the lower frequency of administration likely improving patient adherence, treatment outcomes and QoL. 3, 12, 13 Nonacog beta pegol (N9-GP) is a recombinant FIX that has an EHL. 1 N9-GP has improved PK properties: higher recovery, greater area under the curve (AUC), and a fivefold increase in terminal halflife compared with standard FIX products. 1 These improvements offer the possibility of maintaining near-normal (nonhaemophilic) FIX activity levels (>40%; 0.40 IU/mL) with once-weekly prophylaxis. 17 The safety, efficacy and PK of N9-GP in patients with haemophilia B have been investigated in the paradigm™ clinical trials. 1, 2, [18] [19] [20] This analysis presents pooled data from five completed paradigm™ trials conducted in previously treated patients with haemophilia B, with a focus on once-weekly prophylaxis with N9-GP 40 IU/kg, and including results for once-weekly prophylaxis with N9-GP 10 IU/kg and on-demand treatment with N9-GP 40 or 80 IU/kg. Results from the range of N9-GP regimens are analysed to ensure that the safety data are appropriately and comprehensively reported. The analysis is supplemented by previously published data from the paradigm trials. This study aims to provide new insights into the safety, efficacy and PK of N9-GP in a larger population of patients than is usual in individual trials, across distinct age groups.
| MATERIAL S AND ME THODS
Data from completed paradigm™ trials that evaluated the efficacy, safety or PK of N9-GP were included in these analyses (see Table S1 for an overview of these trials).
| Trial design
Details of the methods of individual paradigm™ trials included in the pooled analyses (paradigm™1, 2, 3, 4, 5) have been published previously. 1, 2, [18] [19] [20] The trials were all multicentre and multinational, including patients from 16 countries (Table S2 ). Randomization and blinding details are provided in the Appendix S1.
| Patients and treatment
All patients were previously treated males with moderately severe or severe congenital haemophilia B and FIX activity ≤2%. In all trials, N9-GP was administered intravenously (iv) as bolus injections. 1, 2, [18] [19] [20] Additional information on the N9-GP protein is provided in the Appendix S1.
| Prophylaxis
Prophylaxis treatment regimens for adolescents and adults in paradigm™2 and paradigm™4 included N9-GP 10 or 40 IU/kg onceweekly. In paradigm™5, paediatric patients received prophylaxis with N9-GP 40 IU/kg once-weekly.
2,18,20
| Treatment of bleeds
Bleeds were classified as mild, moderate (ie uncomplicated joint bleeds, muscle bleeds without compartment syndrome, or mucosal or subcutaneous bleeds) or severe (ie all intracranial, retroperitoneal, iliopsoas and neck bleeds, muscle bleeds with compartment syndrome, and bleeds associated with a decrease in haemoglobin level >3 g/dL). All reported bleeds treated with N9-GP were included in the efficacy analyses.
| On-demand treatment
N9-GP on-demand treatment included treatment of bleeds only, as described above.
| Trial objectives
Primary and key secondary trial objectives are detailed in the Appendix S1.
| Analytical methods

| FIX inhibitors and FIX activity
Tests for FIX inhibitors (titres ≥0.6 Bethesda units) were conducted as previously described using the standard Bethesda assay and a modified heat/cold Nijmegen Bethesda assay. 2, 20, 21 PK assessments of FIX activity were primarily based on an ac- agent. The FIX activity in test samples was measured using a product-specific calibrator (N9-GP) at a central laboratory (Esoterix Inc, Englewood, CO, USA). Efficacy of prophylaxis was also evaluated using FIX activity as a surrogate marker.
| Target joint International Society on Thrombosis and Haemostasis (ISTH) definition
A target joint is defined as ≥3 bleeds within 6 months. Where there have been ≤2 bleeds into a current target joint within 12 consecutive months, the joint is no longer considered a target joint. These questionnaires measured generic health outcome and disease-specific QoL, respectively. Age-specific Haemo-QoL questionnaires were used for paradigm™5.
| Statistical methods
No apparent differences between trials, treatment regimens or age groups were observed in the haemostatic response of N9-GP when used for treatment of bleeds. The same treatment for control of bleeds, 40 IU/kg for mild/moderate bleeds and 80 IU/kg for severe bleeds, was used across all trials. A pooled haemostatic response that included all bleeds from all treatment arms in all trials is therefore presented here. All other efficacy endpoints are presented either by treatment regimen or by age group. Safety data from all completed trials in previously treated patients (PTPs) were pooled (Appendix S1).
No formal hypothesis testing was performed on pooled efficacy data and the prevalence of the success outcomes was consistent across trials.
The extension phase of paradigm™5 was ongoing at the time of this pooled analysis. All data up to the last patient to complete the main phase of the trial were included in the analysis.
All statistical analyses were based on the full analysis set (FAS);
that is, all patients exposed to N9-GP. All patients exposed to N9-GP in the completed trials were included in the safety analyses.
Further details on the statistical methods are provided in the Appendix S1.
| RE SULTS
| Patients
The flow of patients in the paradigm™ clinical trial programme (pooled analysis) is shown in Figure 1 . A total of 115 unique PTPs were exposed to N9-GP in the five completed clinical trials. The majority of patients participated in more than one trial; thus, the sum of patients in the individual trials is higher than the total number of F I G U R E 1 Flow of patients in the paradigm™ clinical trial programme (pooled analysis). The figure shows the flow of patients through the trials. In the completed trials (white boxes), a total of 115 unique previously treated patients were exposed to N9-GP. "New" patients (italics) refer to the number of patients exposed to N9-GP for the first time in each trial unique patients. Of the 115 patients, 90 were adults or adolescents, 25 were children ( Table 1 ). The majority were from the United States (n = 32), the United Kingdom (n = 16), Germany and Japan (n = 11 each). In total, 105 of 115 patients were included in the four trials that comprise the efficacy results (the remaining 10 patients participated in the single-dose PK trial only and are not included).
In the trials evaluating prophylactic efficacy, 30 patients received 10 IU/kg N9-GP once-weekly prophylaxis, 54 patients received 40 IU/kg once-weekly prophylaxis, and 15 patients were treated on-demand. The annualized bleeding rate (ABR) results include data from paradigm™2 and 5, and exclude data from paradigm™4 due to the bias that results from switching of treatment regimens (where patients could choose their own treatment) within the study.
Baseline demographics for all unique patients participating in the pooled analysis are shown in Table 1 . Mean (standard deviation) patient age was 26.0 (15.8) years. At trial entry, 61.7% of patients were on prophylaxis and 38.3% were receiving on-demand treatment.
A total of 91.5% of adolescents/adults in paradigm™2 had problem joints at baseline, as had 16% of children in paradigm™5 18 (Table S3) .
TA B L E 1 Baseline demographics for all unique patients participating in the paradigm™ clinical trial programme (pooled analysis), presented by age group FIX, factor IX; PTP, previously treated patient; SD, standard deviation. The pooled analysis involved 115 PTPs, age 1-65 y. The extension phase of paradigm™5 was ongoing at the time of this pooled analysis. All data up to the last patient to complete the main phase of the trial were included in the analysis. Patients in paradigm™4 have not been included as their baseline information is the same as in the first trial; that is, either paradigm™2 or 3. Only patients from paradigm™3 not previously treated in paradigm™2 are included. For patients who participated only in the paradigm™1 trial, history data are from this trial. For all other patients, history data are from the first phase 3 trial. Classification of haemophilia: moderate, 1-≤2% FIX activity; severe, <1% FIX activity.
a Taken at baseline in the first trial in which each patient participated and had a baseline assessment.
| Safety
In the completed trials, 115 PTPs were exposed to N9-GP for 8,801
exposure days, corresponding to approximately 170 patient-years (Table 2) . No patients developed N9-GP inhibitors. Anti-N9-GP binding antibodies were identified in three patients. None of these antibodies had any inhibitory effect, and detection of antibodies did not correlate with any adverse events (AEs) or with reduced trough FIX activity levels.
A total of 647 AEs were reported in 98 (85.2%) patients; the overall rate was 3.8 AEs per patient-year of exposure (Table 2, Table S4 ). The most commonly reported AEs are detailed in Table S5 . Overall, there were no unexpected safety signals, and no thromboembolic events were reported, nor systemic changes over time for haematological, hepatic or renal parameters.
| Pharmacokinetics
Single-dose administration
For all patients, FIX activity remained >0.05 IU/mL for up to 168 hours after single-dose administration of N9-GP 40 IU/kg. 17 Geometric mean FIX activity 168 hours postdosing for single dose 40 IU/kg was 0.08 IU/mL (1-6 years), 0.11 IU/mL (7-12 years), 0.15 IU/mL (13-17 years) and 0.17 IU/mL (≥18 years). FIX activity declined exponentially after dosing, and was generally lower in younger than in older patients.
Single-dose PK parameters for N9-GP 40 IU/kg in the completed trials are presented in Table 3 . An increasing incremental recovery %, percentage of patients with adverse event; N/N, number of patients with adverse event; PTPs, previously treated patients. The pooled analysis involved 115 PTPs age 1-65 y. The extension phase of paradigm™5 was ongoing at the time of this pooled analysis. All data up to the last patient to complete the main phase of the trial were included in the analysis. All adverse events listed were treatment-emergent. An exposure day is defined as a day when the patient received at least one dose of N9-GP. Age is defined for each patient as age at baseline in the first trial.
a
The causality for one adverse event (overdose in paradigm™1) was captured in the safety database only and is therefore not included in this table, which is based on data in the clinical database. The event was judged to be unlikely related to N9-GP treatment by the investigator. When steady-state FIX activity profiles were predicted using a one-compartment distribution model, patients treated with N9-GP 40 IU/kg once-weekly were predicted to have FIX activity >40% for 5.4 days per week in adolescents and adults (Figure 2) , and for 2.3 days per week in children. 17 Cumulative time above 15% was predicted to be the entire weekly dosing interval in adolescents and adults (Figure 2) , and 6.4 days per week in children. 
| Efficacy
| Treatment of bleeds
In total, 597 bleeds were treated in 79 (75%) of the 105 patients who were evaluated for efficacy.
Clinical efficacy of N9-GP for the control of bleeding episodes is shown in Figure 3 . The overall success rate (defined as excellent or good using the four-point scale) for the treatment of bleeds in all trials was 93% (haemostatic response was missing for six bleed- The haemostatic response by prophylaxis dose was assessed in paradigm™2, where the success rate for patients on N9-GP 40 IU/kg was 97% and for those on 10 IU/kg was 87%. 
| Prophylaxis
In same joint) during the trial. 23 By the end of the extension trial (paradigm™4), resolution of target joints was 100% with N9-GP 40 IU/kg once-weekly. The haemostatic success rate for treatment of these bleeds was 89.5%.
| Target joints
Estimated target joint ABR was 0.94 (95% CI 0.12; 7.67) bleeds/ patient-year for the 17 patients on 40 IU/kg once-weekly prophylaxis in paradigm™2 and 5 (Table S6 ).
In paradigm™5, over 52 weeks, two paediatric patients had one target joint each (one in the left ankle, one in the right toe) at baseline. There were two target joint bleeds in two patients. Overall estimated target joint ABR was 0.07 (95% CI 0.02; 0.23). There was a 100% success rate in treating target joint bleeds. No spontaneous bleeds were reported in target joints. Mean change from baseline in EQ-5D VAS score was 8.2 (positive score indicates improvement); the mean change was higher in patients taking pretrial prophylaxis (9.0). Mean change from baseline in patients ≥17 years old in Haem-A-QoL score was −6.4 (negative score indicates improvement), which was driven by significant improvements in the key Haem-A-QoL domains of feeling, sport and partnership (all P < 0.05). 24 The improvement in Haem-A-QoL was significantly greater with N9-GP 40 IU/kg compared with 10 IU/kg once-weekly (P = 0.049), 24 but the difference between regimens for change in EQ-5D VAS was not significant (P = 0.514). 
| D ISCUSS I ON
The haemostatic efficacy of N9-GP was demonstrated by an overall success rate of 93% for treating bleeds, at doses of 20.3-444.7 IU/ kg, with the majority (97%) resolved with 1-2 injections. Prophylactic efficacy of N9-GP 40 IU/kg once-weekly was confirmed. Low median overall and AsBRs across all age groups were similar to, or lower than, rates reported for similar doses of currently licensed rFIX EHL products. 14, 25 The 40 IU/kg prophylactic dose was also more effective than the 10 IU/kg regimen. Median joint ABR following prophylaxis with N9-GP 40 IU/kg once-weekly was higher in adolescents and adults (0.97) than in paediatric patients (0.00); an expected result, given that joints in adult haemophilia patients are more likely to have underlying disease. Considering that joint disease is irreversible, 26 adults may, therefore, be at greater risk of experiencing bleeds.
Improvements to the management of haemophilia B include better protection from bleeding episodes. 12, 18 PK analyses showed that once-weekly prophylaxis with N9-GP 40 IU/kg maintained mean FIX activity at ≥15% across all age groups. 17 A trough level >15%
(0.15 IU/mL) has been suggested as a threshold for avoiding bleeding episodes. 11 Despite relatively high FIX trough levels, 28% of patients treated with 40 IU/kg once-weekly prophylaxis experienced spontaneous bleeds; 33 of 46 spontaneous bleeds were in adults. This may be due to existing and irreversible joint disease, particularly in adults (in patients aged 13-65 years in paradigm™2 treated with 40 IU/kg prophylaxis, 93.1% had problem joints at baseline). Furthermore, bleeding phenotype may not always correlate with factor activity. 26 Nonetheless, with its EHL of 93 hours and high incremental recovery of 2% providing the possibility of maintaining high FIX activity levels, 1 N9-GP may offer effective bleed protection, which lasts throughout the week in adolescents and adults.
Results from this analysis align with those of a previous analysis in this trial population, showing that patients had high FIX activity levels during the entire period between N9-GP dose administrations, 17 and align with those for currently licensed rFIX EHL prophylaxis regimens. 14 According to published PK results, patients >13 years and children <12 years old spent approximately 80% and 30% of the week, respectively, with FIX activity levels in the "nonhaemophilia" range. 17 The trend of increasing incremental recovery and lower clearance (mL/h/kg) of N9-GP across the age groups has previously been described for other FIX products, and corresponds to a higher volume of distribution per kg body weight in younger compared with older subjects. 27 This observed high bleed protection with N9-GP 40 IU/kg onceweekly prophylaxis may improve long-term treatment outcomes by increasing physical activity, decreasing the number of injections/ treatment burden, and reducing factor consumption. Given that most haemophilia B patients follow a twice-weekly regimen, the annual number of injections could be reduced by approximately half, while maintaining potentially better protection, compared with current unmodified products. 28 Resolution of existing target joints in adolescents and adults was demonstrated in this pooled analysis, and aligns with the results of previous analyses of EHL products for long-term prophylaxis. 14 This result highlights the potential of continued, long-term N9-GP prophylaxis to minimize and possibly eliminate target joints.
Significant improvements in QoL in adolescent and adult patients were demonstrated in this pooled analysis, with EQ-5D VAS and Haem-A-QoL scores approaching those of the general population. 29 Further, the putative advantage of using the 40 IU/kg dose was strengthened by the significant improvement in Haem-A-QoL score with N9-GP 40 IU/kg versus 10 IU/kg once-weekly (P = 0.049). The observed changes in QoL with N9-GP are likely primarily related to fewer bleeding episodes; the longer dosing interval (ie fewer injections); and/or resolution of target-joint bleeding.
With an incidence of 1:30 000, the small haemophilia B patient pool limits data collection. 30 These pooled data further support the low immunogenicity and high tolerability associated with N9-GP across all ages, as well as the efficacy particularly associated with 40 IU/kg once-weekly prophylaxis. Furthermore, in all trials in this analysis, treatment assignment was decided based on patients' individual needs; thus, the results are applicable to real-life clinical settings. Nevertheless, this pooled analysis has several limitations, including the small patient population (inherent in all trials of patients with haemophilia B) and differences in trial design and patient population between the five studies, such that not all endpoints could be reported across all trials. Further research is needed to determine whether the efficacy of once-weekly prophylaxis for haemophilia B patients translates into long-term benefits in joint outcome and QoL in children, as well as in adolescents and adults.
| CON CLUS ION
This pooled analysis confirmed that N9-GP is well tolerated and effective in preventing bleeding at 40 IU/kg once-weekly, and maintains mean FIX activity levels ≥15% across all age groups. Onceweekly prophylaxis resolved existing target joints and improved QoL in adolescents and adults; thus, N9-GP offers excellent protection from bleeding episodes and provides a new treatment option for the prevention of bleeding in patients with haemophilia B.
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